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(57) 
A method and apparatus for determining the presence or 
absence of a pulmonary embolism (PE) in a patient. The 
breathing gas CO partial pressure (PCO) during the expira 
tion of breathing gases by the patient, the end tidal (EtCO), 
CO, partial pressure, and the CO, partial pressure (PaCO) of 
the blood are measured. The volume (V) of breathing gases 
expired during the expiration of breathing gases by the patient 
is also measured and a relationship between changes in 
breathing gas CO partial pressure (PCO) and changes in 
breathing gas Volume (V) in an alveolar expiration phase of 
patient expiration is determined. The difference between the 
blood CO partial pressure (PaCO) and the end expiration 
CO partial pressure is divided by the relationship between 
PCO and V produce a quantity which is compared to a 
threshold value. If the quantity is below the threshold value, 
the absence of a pulmonary embolism is indicated. 

ABSTRACT 

22 Claims, 2 Drawing Sheets 
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METHOD AND APPARATUS FOR 
INDICATING THE ABSENCE OFA 

PULMONARY EMBOLISM IN A PATIENT 

FIELD OF THE INVENTION 

The present invention relates to a method and apparatus for 
indicating an embolic condition of a patient. To this end, the 
invention may be used to indicate the absence of a pulmonary 
embolism in a patient. 

BACKGROUND OF THE INVENTION 

Pulmonary embolism (PE) is a blockage or occlusion of a 
pulmonary blood vessel. Most commonly it is caused by a 
blood clot or thrombosis, that is, an "embolus', in a vessel. It 
is a common illness with an annual incidence of 1 in a 1,000 
in the Western world population. Mortality of PE is 30% 
when left undiagnosed and untreated but with treatment this 
can be reduced to 5-8%. The diagnosis of PE is difficult and is 
typically based on multi-step algorithms starting from an 
evaluation of the clinical probability and laboratory tests for 
markers, but positive diagnosis always requires some kind of 
imaging, ventilation-perfusion lung Scintigraphy, pulmonary 
angiography, or multi-detector spiral X-ray computed tomog 
raphy. 

In an emergency department, the prevalence of PE is 
around 20%, which means that 5 patients are suspects for 
each case of actual PE. In these circumstances, the incidence 
of PE suspicion based on clinical probability can be estimated 
to be 1 in 200 of population. Diagnostic laboratory tests, 
called D-dimers, have good sensitivity to exclude PE but poor 
specificity to confirm it. Out of five suspected PE patients, 
only two are excluded with Such diagnostic laboratory tests. 
Thus, of the remaining three patients, two will be PE negative 
and one will be an actual case of PE. Imaging these PE 
patients increases the cost of diagnosing PE. To reduce this 
cost, non-invasive diagnostic techniques with good sensitiv 
ity for excluding PE are needed. 

To this end, indices derived from a comparison of expired 
breathing gas carbon dioxide (CO) concentration with arte 
rial blood CO partial pressure (PaCO) have been experi 
mented with. One such method plots expired CO over 
expired gas Volume. The slope of the alveolar expiration 
portion of the plotted curve is then extrapolated to an expired 
gas Volume comprising 15% of total lung capacity (TLC). 
The difference between the CO, concentration determined by 
this extrapolation and the PacO should be less than 12% of 
PaCO to exclude the existence of PE. This method suffers a 
weakness that reduces its diagnostic accuracy: that is, TLC 
values are statistical parameters determined from a large 
group of patients and expressed as nomograms for patient sex 
and size. PE suspected individuals may, however, differ a lot 
from these averages, which provides a Source of error. In the 
worst case, this may result in false negative diagnosis of PE 
and a patient that is endangered with the high mortality of 
untreated PE. 

SUMMARY OF THE INVENTON 

The present invention relates to the measurement of venti 
lation and perfusion (V/Q) distribution in the lungs of a 
patient. More particularly, the present invention relates to 
identifying the inequalities in ventilation distribution for 
diagnostic purposes and for obtaining diagnostic conclusions 
from the result. A diagnostic conclusion includes the absence 
of PE in the patient. 
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2 
Alveolar ventilation is gas exchange in the alveoli induced 

by the sequential filling (inspiration) and emptying (expira 
tion) of the lungs during tidal breathing. The breathing gases 
provided by ventilation and the blood interact in the alveoli, 
enabling gas exchange between blood and alveolar gases. The 
driving force for this gas exchange is differences in gas partial 
pressures in the blood and in the alveolar gases. This driving 
force makes oxygen diffuse from alveoli to the blood and 
carbon dioxide diffuse from the blood to the alveolar gases. 

Ideally, ventilation and perfusion distribute to the same 
regions of the lungs. This is however not always the case, and 
various mismatches of the distributions exist. The most sig 
nificant of these distribution inequalities are shunt perfusion 
(blood perfuses through lung regions that are not ventilated) 
and dead-spaces (ventilation penetrates to lung regions that 
are not perfused by blood). Neither of these regions partici 
pate in gas exchange. In addition there are regions where 
perfusion is overweighted in relation to ventilation and vice 
Versa causing impairment of the gas exchange. 

Capnography measures breathing gas CO concentrations. 
In routine bedside use, the concentration is measured over 
time showing a pattern of breathing respiratory cycles divided 
into inspiration and expiration phases. By combining capno 
graphic measurement during expiration with a spirometric 
measurement of breath Volume, a Volumetric capnograph 
(VCap) may be generated. An advantage of a V.Cap is that 
each point on the capnographic curve provides an image of 
ventilation distribution at different lung regions. Thus, early 
expiration breathing gas comes from those airways of the 
lung having practically Zero CO concentration since they 
contain inspired breathing gases from a previous inspiration. 
Gas from the alveolar region then follows. This alveolar gas 
CO concentration is a flow-weighted average of the gas 
concentrations from different lung regions. The flow rates 
from different lung regions vary according to variations in 
local pressure, compliance, and flow resistance. These factors 
determine the ventilation of the regions of the lung. In addi 
tion to this, gas concentration in different alveoli depend on 
the blood perfusion rate for the alveoli. 

Thus, the complicated mixing process occurring in the 
lungs and the V/O distribution of the lungs determine the gas 
concentration during alveolar expiration. This concentration 
is quantified as the slope of the alveolar expiration portion of 
the profile of the V.Cap curve. In a normal lung, the ventilation 
and perfusion are matched and the alveolar expiration slope is 
flat. With ventilation disorders, like chronic obstructive pull 
monary disease (COPD), high airway resistance reduces 
regional ventilation and slows down the emptying of the lungs 
during expiration. Gases from these obstructed regions are 
overweighted in the end-expiration mixture resulting in a 
characteristic steeply rising alveolar expiration slope. The 
slope may be steeply rising also when differences in regional 
compliance within the lungs exist. The filling of low compli 
ant regions is overweighted at end-inspiration and, respec 
tively, the emptying of these regions is overweighted at early 
expiration. Thus, the time available for gas exchange in these 
low-compliant regions is short, reducing the mixture CO 
concentration at early alveolar expiration. 
VCap has been combined with arterial blood CO partial 

pressure (PaCO) measured from a blood sample with a blood 
gas analyzer. In an ideal lung without shunt and alveolar 
dead-space, the end tidal CO (EtOO) is very close to PaCO. 
However, with various diseases of the lung or illnesses, the 
PaCO-EtCO difference increases. As described above, the 
alveolar expiration slope of the V.Cap curve may also 
increase. 
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In an ideal representation of the occurrence PE in the lungs, 
ventilation of dead-spaces in the lungs resulting from blood 
vessel thrombosis (high V/Q) occurs in parallel with the ven 
tilation of normal (V/O-1) regions. During inspiration, 
breathing gases penetrate in parallel to both these regions. In 
the normalV/Q regions, the gases become enriched with CO, 
whereas in high V/O, dead-space regions, the composition of 
the gases remains unchanged due to the absence of blood 
perfusion. During expiration, gases are also expired from 
these regions in parallel. During expiration, gases from the 
dead-spaces of the lungs dilute the CO concentration of the 
gases from normal V/O regions. Thus, the characteristic 
VCap curve of a patient experiencing PE has a flat alveolar 
expiration slope, but EtOO is lowered compared to PaCO. 
In contrast to the foregoing, in other illnesses where the 
PaCO, to EtCO, difference also tends to increase, the slope of 
the V.Cap curve increases as well, as noted above. 

In the present invention, an index for indicating the embo 
lic condition of a patient (a PEindex) is established by deter 
mining the ratio of the PacO-EtCO difference to the alveo 
lar expiration slope of the V.Cap curve. The alveolar 
expiration slope is defined as the change in CO concentration 
or partial pressure divided by the change in volume of the 
expired breathing gases. As will be hereinafter shown, in the 
determination of the PEindex, the unit for the PEindex will be 
a Volume measurement unit, e.g. milliliters. 
The method and apparatus of the invention may be used not 

only in PE diagnosis but also in monitoring of thrombolysis 
therapy carried out to eliminate the blood clot(s) causing the 
embolism. 
An advantage of the present invention is that the result 

relies only on measurements taken from the individual patient 
for whom the diagnosis is needed, thereby avoiding reliance 
on population-derived statistical entities that may be totally 
invalid for a given individual patient. 

Another advantage of the invention is that except for the 
arterial blood sampling, which is a normal clinical routine and 
particularly in emergency departments, the measurements are 
non-invasive. Further advantages when considered in the 
aspect of a PE diagnostic technique are the simplicity and 
cost-effectiveness of the method and apparatus that contrib 
ute to a more effective diagnosis of PE inform of reducing the 
number of patients requiring expensive imaging procedures. 
When used in an emergency department, the intended use 

of the invention is to exclude the presence of PE. In this role, 
sensitivity to PE exclusion has to be very close to unity, i.e. no 
PE positive patients should be deemed as PE negative. This is 
a challenging task in case of minor peripheral PE where the 
total effect on the PaCO-EtCO, difference is small. If the 
slope is small as well, PEindex reading will be very sensitive 
to measurement errors. In Such circumstances, the method 
and apparatus of the invention includes a sensitivity analysis, 
where the PEindex is determined by taking into consideration 
the worst case error margin in determination of PaCO, 
EtCO, and alveolar expiration slope. 

In terms of avoiding false negatives, the validity of the 
PaCO measurement for comparison with EtCO also has to 
be assured with respect to shunt perfusion. As described 
above, shunt perfusion in the lung is blood flow through 
regions of the lung that are not ventilated. Thus the shunted 
blood has the composition of mixed venous blood. In com 
parison with the capillary perfusion meeting with ventilation 
in the lung, the PCO of the shunted blood is high and the PO, 
low due to the lack of gas exchange. Differences in PCO 
between the two types of blood perfusion is however small. 

Ideally for the purpose of PE diagnosis, EtCO should be 
compared with the capillary blood PCO. However this is not 
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4 
possible and the arterial blood used in the present invention is 
a mixture of the shunt and capillary perfusions. Thus, primary 
effect of the shunt perfusion is slight increase of PaCO but a 
more significant reduction of PaO as compared to the capil 
lary blood. 

Blood PCO also is sensitive to blood PO. The lower the 
PO, the higher the blood carbamino CO capacity. This is 
called as Halldane effect. As a result of this effect, the lowed 
PO of the arterial blood when shunt perfusion is present also 
reduces the PCO when dissolved CO forming the PCO 
becomes bound to carbamino compounds. The net effect of 
the shunt perfusion may be that the PaCO may be lower than 
the ideal PCO of the capillary blood. Comparing the lowered 
PaCO, with ETCO will thus give a lower PE index value, 
which may result in false PE exclusion, i.e. an indication that 
PE is not present when it in fact, is present. 
A high PaC-EtO, difference indicates the presence of 

shunt perfusion due to the lowered oxygen level in the blood. 
Therefore, patients with high O. difference either are 
excluded from the analysis and deemed potentially positive 
PE patients, or alternatively, the PaCO is compensated for 
the PCO of capillary blood. 
The present invention will be further appreciated from the 

following detailed description taken in conjunction with the 
accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

In the drawing, 
FIG. 1 shows apparatus of the present invention and a 

manner of making the measurements employed in the method 
of the present invention. 

FIG. 2 is a graph showing a V.Cap curve and the determi 
nation of the PEindex. 

DETAILED DESCRIPTION 

FIG. 1 shows V.Cap measurement apparatus 1 and arterial 
blood sampling apparatus 2. Apparatus 1 includes an expired 
breathing gas CO concentration sensor 9, which is advanta 
geously an infrared gas analyzer. Such analyzer may be either 
of a mainstream type, in which the infrared absorption pathis 
directly at the breathing gas pathway, or alternatively of a 
sidestream type, in which a sample of the breathing gas is 
withdrawn with a sampling line 3 transporting a sample flow 
of the breathing gas to the infrared absorption path of the 
sensor for measurement. 

Breathing gas Volume may be measured advantageously 
with any type of well-known flow sensor 4, based on pressure 
difference measurement over a known flow restrictor, a ther 
mal sensor, an ultrasound sensor, or other Suitable sensor. 
Flow sensor 4 is coupled to apparatus 1 by conductor 5. The 
volume is determined by integration of the flow signal with 
respect to time. If the gas concentration is determined with 
sidestream technology, the gas measurement and Volume 
measurement signals need to be synchronized to account for 
the sample gas transport delay. With a mainstream gas sensor 
the signals are inherently synchronized since no gas transport 
is needed. 
To allow comparison of the breathing gases composition 

with blood gas partial pressures, breathing is advantageously 
recorded at the same time that the arterial blood is sampled in 
a syringe 6 from an artery of the patient. Arterial blood Sam 
pling is a standard clinical procedure with the blood gas 
quantities in the sample being determined in a blood gas 
analyzer (not shown). 
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The Volumetric capnograph V.Cap plot or curve shown in 
FIG. 2 presents CO, partial pressure in millimeters of mer 
cury (mmHg) on the ordinate as a function of expiration 
breathing gas Volume in milliliters (ml) on the abscissa for an 
exhalation phase of the breath cycle as presented by Fletcher 
(British J Anesth (1981), 53, 77-88). The VCap curve is 
divided into three sectors enumerated as I-III. The number I 
denominates the expiration of breathing gases from the ana 
tomical dead space of the patient. This is CO-free inspiration 
gas remaining in the airways at the end of inspiration that is 
exhaled at the beginning of expiration. Alternatively, this is 
often called also airway- or serial dead space. Following this, 
a transitional phase denominated by the number II represents 
the phase in which the anatomic dead space expiration trans 
forms to alveolar expiration. The slope of the transitional 
expiration curve portion 10 is determined from the expiration 
points of the V.Cap curve in sector II. 
The beginning of the alveolar expiration phase and of sec 

tor III in the graph of FIG.2 may be nominated as the point 12 
at which the slope of the V.Cap curve portion 14 is reduced to 
a predetermined percentage of the maximum slope deter 
mined during the transition phase of sector II. 15% has been 
observed as a good value for the denomination, although the 
method is not limited to this limit. It could be as well 10% or 
20% without a major effect on the outcome of the technique. 

Alternatively, the alveolar expiration phase in which slope 
is determined could be simply e.g. the last 10%, 15%, or 20% 
of the expiration Volume. Also any combination of these 
criteria could be used. Such combination would assure the 
minimum percentage of the concluding expiration Volume to 
be used for determining the slope in case the slope of the 
VCap curve does not reach the reduction criteria, or reaches 
the reduction criteria close to the end of expiration 

Shallow breathing by the patient may present a problem in 
VCap analysis. In Such a breathing pattern, a useful alveolar 
slope reduction, Such as that shown as 14 in FIG. 2, may not 
be reached at all. Inability to meet the slope reduction criteria 
described above could be used as criteria to invalidate the 
VCap measurement in PE diagnosis to avoid possible false 
negative diagnosis. 

Arterial CO partial pressure (PaCO) is also used with the 
VCap measurement and curve plot to determine the presence 
of PE. A measurement of PaCO is shown as a horizontal line 
16 intersecting with the ordinate of FIG. 2 at the value of the 
arterial CO partial pressure (PaCO). Endtidal CO (EtOO) 
is the VCap curve end point 18 value as measured at the 
ordinate of the graph of FIG. 2. Thus, the PaCO-EtCO, 
difference is the vertical distance from the V.Cap curve end 
point 18 to the PaCO line 16 on the ordinate of the graph of 
FIG. 2. In the example of FIG. 2, the difference is about 3 
mmHg. The respective value 20 on the abscissa for the end of 
expiration is the breath tidal volume (VT). In the example 
shown, the tidal Volume is about 575 ml. 
An extrapolation of the slope line of the alveolar expiration 

portion 14 of the V.Cap curve toward increasing gas Volume is 
presented in FIG.2 with dotted line 22. This line intersects the 
PaCO line 16 at point 24. The horizontal difference from 
point 24 at the abscissa, that is, point 26, to the tidal volume 
VT point 20 at the abscissa gives a graphical presentation of 
the PEindex. In the case illustrated in FIG. 2, the PEindex is 
exemplarily shown as approximately 200 ml. A typical 
threshold value for PEindex is currently seen as 250 mL, more 
generally between 200 mL and 300 mL. To exclude the pres 
ence of PE in a patient, the value of the PEindex must be less 
than the threshold value. 

The algebraic presentation for the difference, and hence for 
the index is 
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PaCO2 EiCO2 
PEindex= slope 

with slope being that of lines 14 and 22. In normally venti 
lated patients the slope is typically 0.03 mmHg/mL. How 
ever, values of 0.01 mmhg/mL are frequently found, but a 
slope below 0.005 mmHg/mL is rare. 
While the present invention has been described as indicat 

ing the absence of PE in a patient, it will be appreciated that 
should the PEindex value exceed the threshold value, it may 
be seen as an indication of the presence of PE in a patient. 
Further, it is to be understood that the indications provided by 
the present invention are not infallible and the certainty of the 
absence or presence of PE, while currently seen as high, is to 
be understood to be of a nature to be medically useful. 
The sensitivity of the PEindex to the CO partial pressure 

difference can be expressed through derivation as 

d(PaCO - ErCO) 
d(PEindex) = slope 

To exclude a diagnosis of PE when none, in fact, exists, the 
PEindex has to be below threshold limitless a margin of error, 
i.e. 

(PaCO - EtCO) d(PaCO - ErCO) <threshold- (altro) slope slope 

The effect of the error margin becomes more dominant, as the 
slope becomes less. For example, the error margin for a CO 
pressure difference of 1 mmHg and a slope 0.05 mmHg/mL is 
20 ml. whereas for a slope of 0.01 mmHg/mL, the error 
margin will be 100 mL. 
To avoid false PE exclusion due to shunt perfusion, appa 

ratus 1 may include an oxygen sensor for sensing EtO. The 
analysis of the gases in the arterial blood sample taken from 
the patient includes PaC). Patients with a high difference 
between EtO, and PaC) may be excluded from diagnosis 
using the PEindex and deemed potentially PE positive. 

Alternatively, the PaCO may be compensated for the Hall 
dane effect caused by the shunt perfusion. This may be done 
by the following alteration to the blood CO quantity 

PCO2(capillary)=k*((EtO-PaC))-c)+PaCO 

where the factor k is the carbamino capacity sensitivity on 
PO gain factor and c is normal difference between capillary 
blood PO, and EtO. An observed value fork is typically 0.04 
and for c 20 mmHg. 
The PEindex can be used to monitor the efficacy of PE 

thrombolysis therapy. In this application the measurement 
can be repeated periodically during and after the therapy and 
comparing Subsequent results to an initial value recorded 
before thrombolysis therapy reveals the therapeutic effect of 
the treatment. 

Various alternatives and embodiments are contemplated as 
being within the scope of the following claims particularly 
pointing out and distinctly claiming the Subject matter 
regarded as the invention. 
What is claimed is: 
1. A method for determining the presence or absence of a 

pulmonary embolism in a patient, said method comprising the 
steps of: 
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(a) measuring the amount of CO expired by the patient 
during the expiration of breathing gases by the patient 
using a breathing gas CO concentration sensor, 

(b) measuring the Volume (V) of breathing gases expired 
during the expiration of breathing gases by the patient 
using a flow sensor; 

(c) determining a slope in a measurement apparatus, the 
slope defined by a change in the amount of expired CO 
divided by a change in breathing gas Volume in an alveo 
lar expiration phase of patient expiration; 

(d) measuring an amount of CO in the lungs of the patient 
at the end of expiration using the breathing gas CO 
concentration sensor; 

(e) measuring the amount of CO, in the blood of the 
patient; 

(f) determining the difference in the measurement appara 
tus between the amount of CO in the blood and the 
amount of CO in the lungs of the patient at the end of 
expiration; 

(g) establishing a relationship in the measurement appara 
tus between the determination of step (f) and the deter 
mination of step (c) to produce a quantity for use in 
determining the presence or absence of a pulmonary 
embolism in the patient, and 

(h) defining the alveolar expiration phase of patient expi 
ration as that in which the quantity produced in step (c) 
is reduced to a given percentage of a corresponding 
quantity produced for a previous phase of expiration. 

2. The method according to claim 1 further including a step 
of establishing a threshold value for the quantity produced in 
step (g) and indicating the presence or absence of a pulmo 
nary embolism by the relationship of the quantity to the 
threshold value. 

3. The method according to claim 2 further defined as 
indicating the presence of a pulmonary embolism when the 
quantity produced in step (g) is below the threshold value. 

4. The method according to claim 3 wherein the threshold 
value is expressed in milliliters and wherein the threshold 
value is 250 mL or greater. 

5. The method according to claim 4 wherein the threshold 
value is between 250 and 300 mL. 

6. The method according to claim 3 wherein an indication 
of the absence of PE is made when the quantity produced in 
step (g) is below a quantity comprising the threshold value 
less a margin of error. 

7. The method according to claim 1 wherein step (g) is 
further defined as dividing the determination of step (f) by the 
determination of step (c) to produce the quantity. 

8. The method according to claim 7 further including a step 
of establishing a threshold value for the quantity produced in 
step (g) and indicating the presence or absence of a pulmo 
nary embolism by the relationship of the quantity to the 
threshold value. 

9. The method according to claim 8 further defined as 
indicating the presence of a pulmonary embolism when the 
quantity produced in step (g) is below the threshold value. 

10. The method according to claim 9 wherein the threshold 
value is expressed in milliliters and wherein the threshold 
value is 250 mL or greater. 

11. The method according to claim 10 wherein the thresh 
old value is between 250 and 300 mL. 

12. The method according to claim 9 wherein an indication 
of the absence of PE is made when the quantity produced in 
step (g) is below a quantity comprising the threshold value 
less a margin of error. 

13. The method according to claim 1 wherein the measure 
ments of CO amounts are expressed as CO partial pressures. 
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8 
14. The method according to claim 13 wherein step (d) is 

further defined as measuring the CO, partial pressure of the 
breathing gases of the patient at the end of expiration. 

15. The method according to claim 13 wherein the mea 
surement of CO in step (e) is arterial blood CO (PaCO). 

16. The method according to claim 15 wherein the mea 
surement of CO, in the arterial blood of the patient is com 
pensated for the effect of shunt perfusion in the lungs of the 
Subject. 

17. The method according to claim 1 wherein the step of 
defining the alveolar expiration phase is further defined as 
defining the alveolar expiration phase as that in which the 
quantity produced in step (c) is 10-20% of the corresponding 
quantity produced for the previous phase of expiration. 

18. The method according to claim 17 wherein the step of 
defining the alveolar expiration phase is further defined as 
defining the alveolar expiration phase as that in which the 
quantity produced in step (g) is 15% of the corresponding 
quantity produced for the previous expiration phase. 

19. The method of claim 1 wherein the step of defining the 
alveolar expiration phase is further defined as using a com 
bination of criteria relating to the quantity produced in step (c) 
and to the expiration Volume. 

20. The method according to claim 1 further including the 
step of preventing a determination of PE diagnosis if the 
quantity produced in step (c) does not meet a magnitude 
reduction criterion. 

21. A method for determining the presence or absence of a 
pulmonary embolism in a patient, said method comprising the 
steps of: 

(a) measuring the amount of CO expired by the patient 
during the expiration of breathing gases by the patient 
using a breathing gas CO concentration sensor, 

(b) measuring the Volume (V) of breathing gases expired 
during the expiration of breathing gases by the patient 
using a flow sensor; 

(c) determining a slope in a measurement apparatus, the 
slope defined by a change in the amount of expired CO 
divided by a change in breathing gas Volume in an alveo 
lar expiration phase of patient expiration; 

(d) measuring an amount of CO in the lungs of the patient 
at the end of expiration using the breathing gas CO 
concentration sensor, 

(e) measuring the amount of CO in the blood of the 
patient; 

(f) determining the difference in the measurement appara 
tus between the amount of CO, in the blood and the 
amount of CO in the lungs of the patient at the end of 
expiration; 

(g) establishing a relationship in the measurement appara 
tus between the determination of step (f) and the deter 
mination of step (c) to produce a quantity for use in 
determining the presence or absence of a pulmonary 
embolism in the patient; and 

(h) defining the alveolar expiration phase as the concluding 
10%-20% of the expiration volume. 

22. A method for determining the presence or absence of a 
pulmonary embolism in a patient, said method comprising the 
steps of: 

(a) measuring the amount of CO expired by the patient 
during the expiration of breathing gases by the patient 
using a breathing gas CO concentration sensor, 

(b) measuring the Volume (V) of breathing gases expired 
during the expiration of breathing gases by the patient 
using a flow sensor; 

(c) determining a slope in a measurement apparatus, the 
slope defined by a change in the amount of expired CO 
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divided by a change in breathing gas Volume in an alveo 
lar expiration phase of patient expiration; 

(d) measuring an amount of CO in the lungs of the patient 
at the end of expiration using the breathing gas CO 
concentration sensor; 5 

(e) measuring the amount of CO in the blood of the 
patient; 

(f) determining the difference in the measurement appara 
tus between the amount of CO, in the blood and the 
amount of CO in the lungs of the patient at the end of 10 
expiration; 

(g) establishing a relationship in the measurement appara 
tus between the determination of step (f) and the deter 
mination of step (c) to produce a quantity for use in 
determining the presence or absence of a pulmonary 15 
embolism in the patient; 

(h) measuring the O partial pressure (EtO) of the breath 
ing gases at the end of expiration; 

(i) measuring the Opartial pressure (PaC) in the blood of 
the patient; 2O 

(j) comparing EtO and PaO, and 
(k) precluding an indication of the absence of a pulmonary 
embolism if the O. difference exceeds a predetermined 
value. 
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